only modest efficacy and include calcium channel blockers, angiotensin II antagonists, alpha-1 adrenergic blockers, selective serotonin reuptake inhibitors, prostacyclins, nitrates, statins, botulin toxin, phosphodiesterase inhibitors, endothelin receptor antagonists and antioxidants (6, 7). Side effects of these therapies are common and efficacy is limited with the exception of calcium channel blockers and prostacyclins, which decrease the frequency and duration of attacks (6, 8, 9) . The high cost, lack of efficacy, and side effects of traditional medical therapies (10) make other complementary treatments such as acupressure an attractive alternative (11).
advantage of acupressure is that it can be taught to patients and be self-administered at home. As such, acupressure may provide beneficial effects for the treatment of RP (15) .
The purpose of this pilot single-center trial was to evaluate the feasibility and potential efficacy of standardized acupressure for improving circulation in RP. Among the outcome measures, we included published patient-reported measures such as frequency of RP, duration of RP attacks, patient assessment, attack symptoms (tingling, numbness and pain), and the Raynaud's Condition Score (RCS), physician global assessment on a visual analogue score (VAS), serum biomarkers, and a measure of endothelial function (EndoPAT). We also explored a recently reported composite index (16) in this trial.
Methods

Study design
This was a single-center, unblinded, randomized controlled trial that was conducted over a period of 8 weeks and was approved by the University of Michigan Institutional Review Board. Two acupressure protocols were examined in this study: one focusing on vasodilation (thus counteracting the vasospasm in RP), and the second focusing on relaxation (taking advantage of the calming effect of acupressure and the potential for stress as a trigger of RP). At the baseline visit, patients were randomized to vasodilation acupressure, relaxation acupressure or targeted education by use of a computer-generated randomization schedule with a block size of 3.
The education (controlled) group received an education packet provided by the Raynaud's Association (http://www. raynauds.org/frequently-asked-questions/). The acupressure groups were instructed on how to perform their treatment protocol by H.G. Each patient had one pre-screening phone visit, two visits, a baseline (day 1), and a follow-up visit at 8 weeks. In addition, patients completed a daily diary for the entire study period. Endpoints included clinical assessments, serum biomarkers, and EndoPAT, all of which were assessed at baseline and at the follow-up visit. The primary outcome was comparing the two acupressure groups versus the education group.
Patients
Patients were eligible if they were aged >18 years, had a self-reported history of RP with at least biphasic color change, reported at least three attacks per week, had been on stable vasodilator medications for the previous two weeks and were willing to comply with study visits and treatment plans. Patients with both primary and secondary Raynaud's were included. Exclusion criteria included a history of stroke, myocardial infarction or life-threatening arrhythmia within the previous six months, uncontrolled hypertension (systolic blood pressure [SBP] >140 mmHg, diastolic blood pressure [DBP] >90 mmHg), significant digital ulcers or difficulty with hand dexterity limiting their ability to perform acupressure.
Efficacy assessments
The primary outcomes were a decrease in the frequency and duration of RP attacks during week eight compared to attacks during week one (17, 18) . Secondary assessments included RCS, RP pain, tingling and numbness, which collectively were combined into the parameter "attack symptoms", physician and patient global assessment on a VAS, and En-doPAT. Serum markers included basic fibroblast growth factor (bFGF), vascular cell adhesion molecule-1 (VCAM-1), solubleintercellular cell adhesion molecule-1 (sICAM-1), soluble-E-selectin (sE-selectin), tissue type plasminogen activator (tPA), procollagen type I N-terminal propeptide (PINP), and vascular endothelial growth factor (VEGF) were also assessed.
Clinical evaluation
Patients were asked to keep a daily paper diary for the 8-week treatment period noting the frequency and duration (in minutes) of attacks, RCS (0-10 mm VAS), and attack symptoms (pain, tingling and numbness) on a scale of 0-100 mm VAS. Patients were contacted weekly by a study member to identify any adverse event, difficulty performing acupressure, or difficulty with diary recording. At baseline and week 8 visits, the patient and physician visual analog scale (0-10 mm on VAS) rating the overall severity of their Raynaud's was recorded.
Serum parameters
Venous blood was obtained at baseline (0 week visit) and at 8 weeks. Patient plasma was immediately collected and stored at -80°C until use. Parameters measured included: VEGF, tPA, sE-selectin, bFGF, VCAM-1, and sICAM-1 in patient plasma by ELISA using commercially available Kits (bFGF, VCAM-1, and sICAM-1: RayBiotech Inc, Norcross, GA; tPA: Abcam, Cambridge, MA; sE-selectin and VEGF: R&D Systems Inc, Minneapolis, MN; PINP: MyBioSource, San Diego, CA). Proper dilutions were made to ensure that the concentration fell within the standard curve. Samples were all above the detection limit of the assay. Samples were run in duplicate. Anti-human primary antibodies were coated on a 96-well plate before the addition of samples and standards. Sandwich ELISA was completed by adding biotinylated anti-human antibodies, followed by streptavidin-HRP and substrate solution. The optical density of each well was measured using an ELISA plate reader (BioTeK, Winooski, VT).
Measurement of arterial tone
Endo-PAT 2000 is a device for assessing endothelial function. Endothelial dysfunction is thought to occur when an artery fails to dilate appropriately in response to stimuli, and it can be assessed by measuring the arterial pulse wave at a finger artery (19) . Endo-PAT is performed by placing a sensor on the patient's bilateral index fingers, while one arm has a blood pressure cuff inflated. The software automatically analyzes the post-occlusion (arm with blood pressure cuff) to the pre-occlusion ratio which provides an endo-score. This serves as a non-invasive way to measure arterial tone changes. In this study, Endo-Pat 2000 was performed at the baseline and at 8-week visits by a trained vascular technician.
Acupressure protocols
Acupressure protocols were developed based upon experience from three local acupressure specialists who have been studying and practicing Chinese medicine for over 10 years.
The vasodilation acupressure group (Group A) was instructed on the following acupressure points: Patients in the acupressure groups were taught how to perform acupressure by H.G. at the beginning of the trial, and were given a DVD instructional video to take home.
Statistical analysis
To assess if daily acupressure (vasodilation acupressure and relaxation acupressure) had an effect on the frequency, and duration of RP attacks as compared to targeted patient education, for each endpoint of interest, we performed a standard t-test (if the outcome was normally distributed) or a Wilcoxon rank test (if the outcome was not normally distributed). Using measurements collected on patients at baseline and week 8 for each of the outcomes (RCS, patient and physician VAS assessment of RP, pain, numbness and tingling during an RP attack, average number of attacks per day and duration of attacks), we derived the change in each outcome from baseline to week 8 and compared the changes in each of the response variables among two groups of patients, those receiving targeted education, and those receiving acupressure (either vasodilation or relaxation acupressure).
For patients who dropped out of the study before week 8, or who did not have measurements at week 8, changes in any of the outcome variables were obtained by carrying the last observation forwards (LOCF). To determine whether the results obtained are robust to the method we used to account for dropout and missing data (e.g. LOCF), we repeated the analyses and performed the hypothesis tests using data from completers.
We assessed any difference among the two groups using either a two-sample t-test or a Wilcoxon rank test, depending on the distributional characteristic of the outcome in consideration. We also assessed if within each group, there were statistical differences between the outcome variables at week 8 versus week 1. For these latter groups of tests, we used a Wilcoxon rank test or a paired t-test, again depending on the distribution of the outcome variable in consideration.
Finally, we compared the acupressure groups versus the education group with respect to the proportion of patients within the two groups that showed improvement of more than 10%, 20%, 30%, 40%, 50% and 60% in one, two, three, four, five or all six core variables using Fisher's exact test. Following Gladue et al (16) , we chose six core variables: number of attacks, duration (in minutes) of attacks, RCS, symptoms of attacks (pain, numbness and tingling), patient assessment and physician assessment. For symptoms of attacks, we defined a patient improved if at least one of the three variables (pain, numbness and tingling) showed an improvement from baseline to week 8. Similarly, we deemed patient improvement by 10%, 20%, 30%, or 40% in symptoms of attacks if at least one of the variables improved by 10%, 20%, 30%, 40%, respectively, from baseline to week 8. To assess variability among individual parameters, we computed the intra-class correlation coefficient for the first week after randomization. An ICC of >0.70 was considered satisfactory for group comparisons (20) .
Results
Twenty-three patients were randomized between January and April 2013 ( Fig. 1 ). Seventy-eight percent of patients were female, 96% were Caucasian, the mean age was 49.8 (SD = 16) years; n = 15 (65%) had primary RP and n = 8 (35%) had secondary RP (four limited cutaneous systemic sclerosis [SSc], one Sjogren's, two mixed connective tissue disease, one systemic lupus erythematosus). Of 23 patients, 7 discontinued prematurely (5 patients withdrew due to time restraints, 1 for unrelated medical problems, and 1 was lost to follow-up). Seven (29%) patients were on stable doses of vasodilators and two (8%) were on warfarin at randomization. There were no statistical differences in the baseline values for any of the clinical and biomarker parameters between the two groups except for tPA, which was statistically higher at 3.8 ng/mL in the acupressure group as compared to 1.6 ng/mL in the education group (p = 0.03) (Tab. I and Appendix Tab. I, available online as supplementary material at www.sclerodermajournal.com). 
Primary results
At the end of the study, there were no statistical differences between the acupressure and the education groups with respect to the two primary outcome measures -frequency of attacks decreased by 6.7 attacks (SD = 8.8) in the acupressure group compared to a decrease of 7.2 (SD = 12.8) in the education group (p = 0.96), while the duration of attacks decreased by 11.4 (SD = 19.9) minutes in the acupressure group versus an increase of 0.8 (SD = 11.2) minutes in the education group (p = 0.14). However, there were trends in the patient-reported pain and duration of RP as well as in patient and physician VAS for improvement in the acupressure group (Tab. II; p = 0.17 and p = 0.12). There were also no significant differences in serum biomarkers of vasculopathy or EndoPAT (Tab. II and Appendix Tab. II, available online as supplementary material at www. sclerodermajournal.com). Sensitivity analyses carried out using only the completers yielded similar results (results not shown). No of attacks, mean (SD) -6.7 (8.8) p = 0.06 -7.2 (12.8) p = 0.21 0.96 Pain**, mean (SD) -15.2 (32.9) p = 0.23 9.6 (27.6) p = 0.58 0.13 Tingling**, mean (SD) -6.7 (14.8) p = 0.19 -1.2 (7.5) p = 1.0 0.35 Numbness**, mean (SD) -13.7 (40.1) p = 0.56 1.1 (22.1) p = 1.00 0.36 Attack symptoms a , mean (SD) 1.49 (21.2) (p = 1.00) 12.60 (23.8) (p = 0.42) 0.51 Average duration of attacks b , mean (SD) -11.4 (19.9) p = 0.12 0.8 (11.2) p = 0.44 0.14 RCS, mean (SD) -1.7 (2.3) p = 0.05 -0.6 (2.9) (N = 5) p = 0.44 0.62 Patient VAS c , mean (SD) -2.5 (2.3) p = 0.02 -0.8 (2.1) p = 0.42 0.17 Physician VAS c , mean (SD) -3.3 (1.6) p = 0.006 -2.2 (1.2) p = 0.04 0.12 EndoPAT -0.1 (0.6) p = 1.0 -0.3 (0.8) p = 0.79 0.74 Primary RP EndoPAT -0.4 (1.0) (n = 3) p = 1.0 -0.5 (0.9) (n = 4) p = 0.37 0.37 Secondary RP EndoPAT 0.02 (0.2) (n = 6) p = 1. When we compared within each group, there were also trends within the acupressure groups for number of attacks, RCS, patient and physician VAS that showed a significant change within the acupressure group from baseline to week 8. In the education group, there was significant change in the physician VAS from baseline to week 8 (Tab. II).
Variability in individual parameters and composite endpoint
Our previous work has shown a marked variability in individual parameters used to measure RP (16) . We explored this in our current trial and found ICC <0.70 for all parameters at baseline except for number of attacks and secondary EndoPAT (Appendix Tab. III, available online as supplementary material at www.sclerodermajournal.com). In addition, a great deal of variability was noted during the trial with response rates ranging from a 0% improvement to 100% improvement (Fig. 2) . We assessed whether patients with at least 10%, 20% or 30% improvement in 3-4 variables (as proposed by Gladue et al) were significantly different from patients who did not have such improvements. This analysis revealed no statistical difference between the acupressure and education groups (Fig. 3) . The placebo response rate for an individual parameter was as high as 37.5%; however, when combining four variables with at least a >10% improvement up to a >40% improvement, the placebo response rate decreased to 6.3%, providing some support for the composite index. Within the acupressure groups, the percentage of patients with a ≥20% improvement in four variables was 12.5%.
Adverse events
Patients did not experience any adverse effects from acupressure with no bruising or pain reported. There was a high drop-out rate approaching 30%, which is hypothesized to be due to the difficulty in patients keeping up the daily acupressure treatment or due to lack of efficacy.
Discussion
Our pilot study assessed the efficacy of acupressure for the treatment of primary and secondary RP as compared to an education-only group by using several parameters. The results did not demonstrate statistically significant differences in patient-reported or objective outcome measures. In addition, as shown in our previous study (16) , we found a high degree of variability in each of the individual measures used to evaluate efficacy in RP, highlighting the need for new outcome measure(s) with acceptable reliability or well-defined composite index to assess efficacy in clinical trials.
The rationale to assess acupressure in RP was in part based on a study by Appiah et al (12) who conducted a 23-week study using Chinese acupuncture in patients with primary Raynaud's syndrome and reported a decrease in the frequency of RP attacks (n = 17; p<0.01) when compared to placebo (n = 16) (12). This study was performed in Germany during the winter months and the mean age was 45.5 years (SD = 10.7) for treatment group and 41.5 (SD = 11.5) for placebo group and the baseline number of attacks was 1.2 (SD = 1.1) versus 1.6 secondary RP. Our mean age was slightly higher 52.3 (SD = 6.1) years for the acupressure group versus 44.3 (SD = 15.5) years for the education group. Our higher age may have contributed to worse underlying vasculature and less response to treatment as compared to the acupuncture study. In addition, our study had a higher mean number of attacks; weekly average in the acupressure group was 13.41 (SD = 9.3) versus 19.6 (SD = 24) in the education group. As outcome measures, we considered both subjective outcome measures and objective outcomes including a capillary flow-stop reaction that has been shown to be sensitive and specific for RP, although it has not been routinely used in Raynaud's clinical trials (21) . We divided treatment groups into two acupressure groups in order to better explore the benefit of two different acupressure protocols.
Identifying effective new treatments for RP patients has been hampered by the variability in clinical trial outcome measures used to assess efficacy. The variability and lack of standardized outcome measures has also made it difficult to compare different clinical trials as randomized controlled trials in RP often use different clinical outcome measures, resulting in conflicting outcomes in different trials (17, 18) . For example, with iloprost, severity of RP one study showed improvement in duration and severity whereas another study showed no statistical significance in duration, average number of attacks or RCS (22, 23) . Tadalafil studies also showed mixed outcomes with one study showing an improvement in RCS, duration and frequency, and another study showing no improvement (17, 18) . Further, assessing efficacy using different individual outcome measures has led to difficulty in obtaining statistical significance due to the high placebo response rate. This is also highlighted by the change in the outcome measures within each group in this trial where there was marked variability in each outcome measure from baseline to week 8. In an analysis of three multicenter RCTs, Gladue et al (16) showed a placebo response rate for an individual outcome that ranged from 92.8% for the group of patients with more than 10% improvement in at least one core set measure to 38.5% for the group of patients with an improvement of more than 60% in one parameter. This variation in placebo response rates has made clinical trials inconclusive rendering the approval of new therapies for RP difficult despite anecdotal evidence of improvement. In this study, by combining four variables the placebo response rate decreased to 6.3%, providing some support for the composite index. In our study, within the acupressure groups, the percentage of patients with a ≥20% improvement in four variables was 12.5%.
The lack of reliable objective biomarkers or endpoints to predict efficacy has also pushed investigators to utilize subjective endpoints that have high placebo response rates. Objective measures have been shown to be reliable and valid but are not always available for trials and there is a need for better outcome measures that can be incorporated into multicenter trials. In a small, double-blinded trial of sildenafil, blood flow increased significantly after treatment as measured by laser flux Doppler (24) . While laser flux Doppler is sensitive to change in vaso-reactivity at the surface of the skin, circulation is very heterogeneous and one area of perfusion does not necessarily correlate with another area (25) . EndoPAT noninvasively evaluates vaso-reactivity without the limitations of laser doppler (26) . En-doPAT has been used in one Raynaud's RCT, but no significant difference was detected between the treatment and placebo (SD = 1.3) per day in the placebo group. Our study was a randomized, controlled, prospective study conducted during the winter months that included both patients with primary and groups (27) . In our study we were unable to show a significant difference in objective measures (EndoPAT and serum markers). EndoPAT baseline values were worse with a mean right heart index of 1.2 (SD = 0.3) in secondary RP as compared to a mean of 2.0 (SD = 0.8) in primary RP, thus showing decreased endothelial function in secondary RP. It is unclear whether this lack of significance is due to a lack of efficacy or due to lack of sensitivity to change in these tests that are used to detect the vascular changes attributed to RP.
The serum markers ICAM-1, VCAM-1, soluble E-selectin, VEGF, t-PA and endothelin-1 have been shown to be associated with RP (28-31) and were chosen based on an on-going systemic review and previous published data (28, 32) , which revealed that these markers did change in longitudinal studies. Few small studies have shown a decrease in these parameters in association with treatment, but larger studies are needed to evaluate their sensitivity to change (28) .
Our pilot study was designed to explore the established acupressure protocols developed by experts in Chinese medicine. Our study may have been underpowered to show statistical differences in patient reported outcomes since it was designed as a proof of concept study. The lack of any trends of improvement in objective outcomes makes it highly unlikely that acupressure has a meaningful effect on RP. This trial further illustrates the variability that can be observed in RP RCTs, such that conclusive significant results are difficult to achieve with new treatments despite trends in improvement, highlighting the need for new outcome measures with better reliability or development and validation of a composite index for RP.
Key message
• Acupressure is not effective for the treatment of Raynaud 's phenomenon. • Outcome measures in Raynaud 's phenomenon have a high level of variability, making conclusive results difficult. • A standardized composite index for RP or more reliable outcome measures are needed for multicenter trials.
